Cynara is a relatively small genus comprising two important crops: globe artichoke (C. cardunculus L. subsp. scolymus (L.) Fiori) and cultivated cardoon (C. cardunculus L. var. altilis DC.). The chemical components of artichoke leaves have been studied extensively and have been found to be a rich source of polyphenolic compounds. Nowadays, there is an increasing interest in the hydroponic floating trays system due to the advantage of cultivation of globe artichoke for leaf biomass production with shorter cycles. Three artichoke ('Romolo', 'Violetto di Provenza' and 'Violetto di Romagna') and three cultivated cardoon ('Bianco Avorio', 'Bianco Gigante Inerme' and 'Gigante di Romagna') genotypes were evaluated for their leaf dry biomass and major polyphenols. The highest leaf dry biomass was recorded in the three genotypes of cardoon followed by the two artichoke genotypes 'Romolo' and 'Violetto di Provenza'. The major polyphenols present in the leaf were chlorogenic acid and cynarin, followed by luteolin, whereas apigenin was found in trace quantities. The highest concentration of chlorogenic acid was observed in 'Violetto di Provenza', 'Violetto di Romagna' and 'Bianco Avorio', whereas the highest luteolin concentration was found in the cardoon genotypes 'Bianco Avorio Gigante di Romagna'. Data showed that the hydroponic floating tray is a suitable system for biomass production of globe artichoke and cultivated cardoon. They also suggest that specific genotypes should be selected to obtain the desired nutritional features.
INTRODUCTION
Over the last few years a renewed and growing interest in the artichoke, an old plant with new uses in functional foods, has been observed. Cynara cardunculus L. belongs to the Asteraceae (ex Compositae) family, and includes three botanical varieties: globe artichoke (var. scolymus (L.) Fiori), cultivated cardoon (var. altilis DC.) and the ancestor wild cardoon or wild artichoke (var. sylvestris (Lamk) Fiori). Artichoke is widely cultivated for its large immature inflorescences, called capitula or heads, with edible fleshy leaves (bracts) and receptacle, which represent an important component of the Mediterranean diet and is a rich source of bioactive phenolic compounds, and also inulin, fibres and minerals (Lattanzio et al., 2009 ). In addition, the leaves, also rich in phenolic compounds (Fratianni et al., 2007) , are used as a herbal medicine and have been recognized since ancient times for their beneficial and therapeutic effects: extracts from artichoke have been used for hepatoprotection as a choleretic, diuretic, liver-protective, and lipid-lowering agents (Lattanzio et al., 2009 and references cited therein).
Artichoke for leaf extract production is traditionally cultivated in soil. Despite a relatively large interest for artichoke biomass production, advanced cultivation techniques, such as floating system, have not been sufficiently considered for improving a giucolla@unitus.it the biomass and quality of this species. The floating system, widely used for leafy vegetable production to obtain higher productivity and biomass quality, to standardize cultural practices, to have better control of the cultivation process, and to allow a better water and nutrient supply with high environmental benefits (Fallovo et al., 2009a,b; Colla et al., 2012) , can provide an alternative system to traditional soil cultivation of leaf artichoke.
Few studies (Wang et al., 2003; Fratianni et al., 2007; Lombardo et al., 2010) have been conducted to investigate the content of individual phenolic compounds in relation to genotype of artichoke and cultivated cardoon. However, these studies have been focused especially on vegetatively propagated germplasm without considering the seeded propagated cultivars.
Starting from the above considerations, the objective of this study was to assess the effect genotypes on biomass and the major polyphenols content in three artichoke ('Romolo', 'Violetto di Provenza' and 'Violetto di Romagna') and three cultivated cardoon ('Bianco Avorio', 'Bianco Gigante Inerme' and 'Gigante di Romagna') cultivars grown in a floating system.
MATERIALS AND METHODS
The experiment was conducted in a greenhouse situated at the experimental farm of Tuscia University, central Italy (latitude 42°25'N, longitude 12°08'E, altitude 310 m). Artichoke and cultivated cardoon were fertilized with the following nutrient solution: 13.0 mM NO 3 -N, 1.0 mM NH 4 -N, 1.75 mM S, 1.5 mM P, 5.0 mM K, 4.5 mM Ca, 2 mM Mg, 1.0 mM Na, 1.0 mM Cl, 20 µM Fe, 9 µM Mn, 0.3 µM Cu, 1.6 µM Zn, 20 µM B, and 0.3 µM Mo, with an electrical conductivity (EC) of 2.0 dS m -1 . The pH of the nutrient solution for all treatments was 6.0±0.3.
The leaves of artichoke and cardoon in all plots were harvested six times during the growing cycle (37, 47, 62, 74, 89 and 100 days after sowing). The total leaf dry biomass at the end of the growing cycle was expressed in kg m -2 . For each plot, the leaf dry biomass harvested during the growing cycle was mixed together for further quality analysis.
Pure caffeoylquinic acids and flavonoids to be determined were purchased as certified reference materials from Sigma (St. Louis, MO, USA). All the solvents and reagents used to prepare standard solutions and to extract polyphenols (methanol, ethyl acetate, formic acid) were analytical grade reagents, while methanol for chromatographic analyses was HPLC grade; all the solvents were obtained from Merck (Darmstadt, Germany).
Both the caffeoylquinic acids (cynarin, caffeic, chlorogenic and ferulic acid) and the flavonoids (apigenin, luteolin, silybin and miricetin) were determined by liquid chromatography followed by tandem mass spectrometry with an electrospray ionisation source (LC-ESI/MS/MS). A 1200 series liquid chromatograph system, equipped with quaternary pump, electrospray ionization system and coupled to a G6410A triple quadrupole mass spectrometer detector (all from Agilent technologies, Santa Clara, CA, USA) was used. The instrument was operating in the negative mode, and each target analyte was quantified by the external standard method. The plant material (1 g) was extracted by Ultra-Turrax in 10+5+5 ml of a methanol + ethyl acetate (4:1 v/v) mixture. After centrifugation (503 g for 8 min) the extract was diluted with the elution mixture, filtered through a 0.45 μm cellulose membrane and then analyzed by reversed phase LC-MS/MS using a Kinetex C18 column (75×2.1 mm, 2.6 μm) from Phenomenex (Torrance, CA, USA). The instrument was calibrated during each batch of analyses through the injection of standard solutions at 4 concentrations in triplicate, in the range of concentration from 0.2 to 2 mg kg -1 . A calibration curve was built for each analyte and a linear fitting was adopted, without forcing to origin; each curve was accepted when the coefficient of determination was >0.99.
All data were statistically analyzed by ANOVA using the SPSS software package (SPSS 10 for Windows, 2001 ). Duncan's multiple range test was performed at p≤0.05 on each of the significant variables measured.
RESULTS AND DISCUSSION

Biomass Production
The total leaf biomass was significantly affected by genotypes. Generally, the cultivated cardoon genotypes exhibited the highest total leaf dry biomass, while the lowest biomass was recorded in artichoke in particular 'Violetto di Romagna' (Fig. 1) . In our experiment, marked differences emerged in the total leaf dry biomass of the tested genotypes. The cultivated cardoons, especially 'Bianco Avorio' and 'Gigante di Romagna', showed higher biomass (avg. 2.4 kg m ). The marked differences found between cultivated cardoon and artichoke genotypes suggest the possibility of exploiting this kind of variability in breeding programs, with the aim of selecting genotypes with higher biomass.
Target Polyphenols
Concerning the quantitative and qualitative profiles of the individual polyphenols (flavones and caffeoylquinic acids), significant differences amongst genotypes was found. Among the caffeoylquinic acid derivates, the chlorogenic acid was the predominant compound followed by cynarin, whereas the caffeic and ferulic acid were not detected (data not shown). Besides caffeoylquinic acid derivates, other phenolics belonging to the flavonoid class such as the flavones luteolin and apigenin have been identified in the artichoke and cultivated cardoon leaves, whereas silybin and miricetin were not detected (data not shown).
The content of polyphenols in artichoke and cultivated cardoon leaves appears strongly influenced by genetic factors as previously demonstrated in other crops including blackberry (Connor et al., 2005) , potato (Reddivari et al., 2007) , garlic (Beato et al., 2011) , and tomato (Vallerdú-Queralt et al., 2011 ). In the current study the highest amount of chlorogenic acid was found in 'Violetto di Provenza', 'Violetto di Romagna' and 'Bianco Avorio' (Fig. 2) . This result is very important since in vivo studies have demonstrated the antioxidant and anticarcinogenic properties of chlorogenic acid (Gonthier et al., 2003) , which is usually poorly absorbed in the small intestine, but capable of providing higher yields of microbial metabolites, active compounds responsible for the biological properties attributed to dietary polyphenols (Gonthier et al., 2003) . Similarly to chlorogenic acid, the highest content of cynarin, a polyphenolic compound typical of artichoke and important for its choleretic activity (Gebhardt and Beck, 1996) , was observed in 'Bianco Avorio' (Fig. 2) . Finally, the highest content of flavonoids luteolin, having diverse pharmacological activities (Perez-Garcia et al., 2000) were observed in both cultivated cardoon genotypes 'Bianco Avorio' and 'Gigante di Romagna' (Fig. 2) . 
